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Abstract 

D We present the hrst results on tau physics using polarized beams. These include mea- 

O | surements of the r Michel parameters £ and £5 and the r neutrino helicity /ij,. The 

measurements were performed using the SLD detector at the Stanford Linear Collider 

(SLC). 
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1 Introduction 



In the reaction e + e~ — > Z° — > t + t~ , final-state r polarization arises due to the asymmetric 
couplings of the Z° to the electron and the r. With the addition of electron beam 
polarization the degree of r polarization is greatly enhanced. This is illustrated by: 

A i O A e -P e cos 8 

J^COS (7, r e ) — 1194 A e -P e COS0 ' l 1 / 1 

T 1-Ae Pe 1+COS 2 

where P e is the average e~ beam polarization and 6 the r production angle. By measuring 
P e and 6 } we determine P T on an event-by-event basis. The dependence on A e and A T is 
very small for large values of P e . 

At SLD, we exploit these features to gain in experimental sensitivity and perform 
measurements even with limited statistics. The double-differential cross section for the 
production and decay of the r can be expressed as a function of two terms, one depending 
entirely on the final-state kinematic variables, and one proportional to P T (cos#, P e ). For 
the two-body decay r — > 7rz/, we have 

-J^— = l + h v P T (2x-l), (2) 
a cos aax 

where h v is the r neutrino helicity. In the case of the leptonic decays r — > Ivv (/ = e, //), 
following the Michel parametrization[l], we have 

d 2 a 



A aA =[fi(x) + Pf2(x)}-tPAgi(x) + Sg 2 (x)}. (3) 
a cos aax 

In these equations, x is the scaled final-state pion or lepton energy, and / 1? f 2} and g 2 
are simple polynomial functions. Using an unbinned maximum likelihood fit, we perform 
a direct measurement of the parameters associated with the r polarization, namely h vi 
£, and ^6. In other measurements [2], the extraction of these parameters is possible only 
by exploiting the spin correlation between the two r's in the event. In our case, with the 
added knowledge of P T , this is not necessary, and we make use of every identified decay 
in our measurement. 



2 Final State Selection and Measurement 

The events used in this analysis were selected from a data sample of 150k hadronic Z°'s 
collected by the SLD detector at the SLC (50k with P e = 63.1 ±1.1 and 100k with 
P e = 77.3 ± 0.6). A detailed description of the r sample selection can be found in Ref. 3. 
A total of 4500 r-pair candidates have been selected. Particle identification requirements 
based on the combination of tracking, calorimetry, and muon detection information are 
applied in order to select the final states used in the measurement. The number of selected 
decays is given in Table 1, along with the particle identification efficiency and purity for 
each species. The background contamination in the pion sample is dominated by feed 
down from the p and ai decay channels. In all three final-state samples, the background 
from Bhabha scattering and //-pair events is estimated at ~ 1%. Currently, the analysis 
is limited to the barrel region of the detector (cos# < 0.74). 
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Table 1: Number of selected decays and particle identification effi- 
ciency and purity. 



Channel 


$ Decays 


Efficiency (%) 


Purity (%) 


T — > TTP 


414 


48 


84 


t —¥ evv 


863 


80 


98 


T — > \LVV 


1137 


92 


94 



As a demonstration of the power of this analysis, we plot the hnal-state pion and 
lepton energy spectra in Figs. 1 and 2. In Fig. 1 the dots represent the data and the 
histograms Monte Carlo. Fig. la contains the pion spectrum for the following two com- 
binations: 

1. Left-handed beam polarization and the r~ (t + ) emitted in the forward (backward) 
region of the detector. 

2. Right-handed beam polarization and the r~ (t + ) emitted in the backward (forward) 
region of the detector. 
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Figure 1: Scaled pion energy in r — v irv decays. 

Here, the r~ (t + ) is predominantly left-handed (right-handed), and the pion spectrum is 
soft as expected for a two-body decay. On the other hand, for the two opposite combina- 
tions of P e and 6 in Fig. lb, the spectrum is hard since the pion comes from the decay of 
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a predominantly right-handed (left-handed) r~ (t + ). The clear distinction between the 
two spectra is a powerful indication of how the presence of beam polarization allows one 
to infer the helicity of the r in the data. 
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Figure 2: Scaled lepton energy in r — v Ivv decays. 

For the r — > tvv and r — > \ivv decays, the lepton energy spectrum is represented 
in Fig. 2 by the solid and dashed histograms for the above two combinations of P e and 6 } 
respectively. The data are plotted in Fig. 2a and the Monte Carlo in Fig. 2b. Again, a 
clear distinction is seen between the two combinations, though not as pronounced due to 
the three-body nature of the decays. 

We perform an unbinned maximum likelihood fit to the theoretical analytic functions 
of Eqs. 2 and 3. Several corrections [4] are applied, including selection efficiency, detector 
resolution, background, and radiative effects. These are parameterized as a function of 
the scaled energy x and the r production angle 6 using Monte Carlo[5]. In the analysis 
of the lepton sample, the parameter p is kept fixed, and we fit for the parameters £ and 
^6. In addition, lepton universality is assumed and the electron and muon samples are 
combined. We use a value of 0.15 for both A e and A T , which is approximately the average 
of the SLC and LEP results [6]. 
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3 Results and Conclusions 



We obtain the following results: 



h v 



-0.89 ± 0.21 (stat) ± 0.07 (syst), 
1.17 ±0.35 (stat) ±0.21 (syst), 
0.49 ± 0.24 (stat) ± 0.13 (syst). 



(4) 



These results are consistent with present world averages and with the (V — A) nature of 
the charged weak current predicted by the Standard Model. They are preliminary and 
the systematic errors assigned at this stage of the analysis are conservative and expected 
to be reduced. The main systematic error for h v is the uncertainty in the ttv final state 
selection efficiency and purity. For £ and £5, it is dominated by the detector resolution 
and radiative effects. We expect a substantial increase in our data sample with high 
beam polarization. Furthermore, the installation of a new CCD pixel vertex detector will 
improve our polar angle coverage to cos 6 0.85. 

With these improvements, we anticipate making a useful contribution in the field of 
r physics with polarized beams, which we have shown represents a unique environment 
for probing the decay of the r lepton. 
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